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MEIHOD FOR^ONTRgLLING-LOA aLN A TELE COMiy^ SYSTEM 

FIELD OF THE INVENTION 

The invention relates to a method for controlling load in a telecom- 
munication system comprising a network part, at least one subscriber terminal 
5 and a telecommunication connection between the network part and the sub- 
scriber terminal, in which method the telecommunication connection is used 
for connection setup and data transfer, the telecommunication connection 
comprises a channel for relaying channel allocation requests transmitted by 
the subscriber terminal to the network part. 

10 The invention further relates to a telecommunication system com- 

prising a network part, at least one subscriber terminal and a telecommunica- 
tion connection between the network part and the subscriber terminal, in which 
method the telecommunication connection is used for connection setup and 
data transfer, the telecommunication connection comprises a channel for re- 

15 laying channel allocation requests transmitted by the subscriber terminal to the 
network part. 

BACKGROUND OF THE INVENTION 

A packet radio system refers to a radio system employing packet 
switched technique known from the fixed networks. Packet switching is a 

20 method wherein a connection is set up between the users by transmitting data 
in packets that comprise address and control information. A plurality of con- 
nections can simultaneously use the same transmission link. Research has 
been carried out particularly on the use of the packet switched radio systems 
since the packet switching method is well suited for data transmission wherein 

25 data to be transmitted is generated in bursts. Consequently, the data trans- 
mission link does not have to be continually allocated, only for transmitting the 
packets. Cost and capacity can thus be considerably saved both when the 
network is being built and used. The present packet radio networks are par- 
ticularly attractive to the further development of the global system for mobile 

30 communication GSM, known as a general packet radio service GPRS. 



system by means of which a base station system in accordance with the 
GPRS system can control its load level in a controlled way such that the tele- 
communication system is not subjected to overload. In the GPRS system, load 
35 in the base station system of the telecommunication system is mainly directly 
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or indirectly caused by channel allocation requests transmitted by the sub- 
scriber terminals to the mobile telephone network. It is previously known to 
prevent overload by a flow control procedure, for example, by means of which 
the other party can be restrained from transmitting more data than the system 
5 can receive and process. An example of how to restrict the subscriber termi- 
nal's capability to make channel allocation requests in this way is to clearly 
prohibit the terminal from trying to reserve radio resources during a given pe- 
riod of time after the subscriber terminal has already transmitted a channel 
allocation request to the network. If, for example, all channels in a base station 
10 are already in use, the base station controller can transmit a "reject" type of 
message to the subscriber terminal, which has already transmitted a channel 
allocation request to the network. The "reject" message can, for example, indi- 
cate the time after which the subscriber terminal is allowed to retry channel 
ry reservation at the earliest. 

*0 15 A second previously known method for controlling load is an ex- 

2 perimental study to find out how high channel allocation request load a base 
H- station can tolerate. The next step is to provide a filtering algorithm which 

starts filtering off the channel allocation requests when a given predetermined 

«F load limit is exceeded. 

5 20 A third way to limit the channel allocation requests is to parametrize 

p the base station system in a suitable manner. The base station system can, for 

3 example, change its system parameter information over the broadcast control 
channel BCCH and thus affect the subscriber terminals' capability to make 
channel allocation requests. "Random access channel RACH control parame- 

25 ter" system parameter information can affect, for example, whether channel 
allocation requests can be made to a cell at all or whether only channel alloca- 
tion requests of certain access control classes are allowed. It is also feasible, 
for example, to prevent emergency calls from being made via a cell, and to 
affect the repetition frequency at which channel allocation requests are al- 

30 lowed to be made. Furthermore, it is also possible to affect the number of re- 
tries allowed in case the subscriber terminal does not receive a response to its 
channel allocation request from the mobile telephone network at its first at- 
tempt. 

The systems described above suffer from the following problems. In 
35 the first method, the base station system may, in principle, receive simultane- 
ously so many channel allocation requests from the subscriber terminals that 
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the base station system does not have the time to react sufficiently quickly to 
the situation, but the system becomes overloaded. The method thus cannot 
restrict the effort to try channel reservation from subscriber terminals that have 
not even tried channel reservation. 

Since the second method requires empirical study into an already 
operating system, a suitable filtering algorithm cannot be provided in advance. 
The suitable limit must therefore be found experimentally. The method can 
only restrict load generated by channel allocation requests, therefore load 
caused by other functions cannot be taken into account in the filtering algo- 
rithm. Mere filtering off a channel allocation request also quickly generates 
new channel allocation requests to the same base station since the subscriber 
terminal, failing to receive an appropriate response to its first request, will retry 
channel reservation. This further increases the number of channel allocation 
requests to be received. 

Depending on the situation, the third method applies different prin- 
ciples when allocating radio resources to different types of subscribers, rather 
than trying to prevent the base station system from becoming physically 
loaded. 

BRIEF DESCRIPTION OF THE INVENTION 

An object of the invention is to provide a method and a system im- 
plementing the method so as to enable the above-mentioned problems to be 
solved. This is achieved by a method described in the introduction, the method 
being characterized by controlling the telecommunication system load by ad- 
justing the capacity of the channel used for relaying the channel allocation re- 
quests, and by a telecommunication system which is characterized in that the 
telecommunication system is arranged to control load by adjusting the capac- 
ity of the channel used for relaying the channel allocation requests. 

The preferred embodiments of the invention are disclosed in the 
dependent claims. 

In the GPRS system, base station system load is thus, directly or 
indirectly, mainly caused by channel allocation requests transmitted by the 
subscriber terminals to the mobile telephone network. If, in the GPRS system 
area, more channel allocations take place than the system is capable of proc- 
essing, the number of new channel allocations can be restricted in the manner 
according to the invention. 
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The GPRS system defines a packet random access channel 
PRACH for transmitting these channel allocation requests to the network. Ad- 
justing the PRACH channel capacity in accordance with the invention is dy- 
namically carried out in the following manner. When the base station system 
5 becomes overloaded, the PRACH channel capacity is decreased. Fewer 
channel allocation requests can thus be made to the network. Consequently, 
the load drops to a level tolerated by the network, and no overload occurs. 
When the load level drops sufficiently low, the PRACH channel capacity can 
again be increased. According to a preferred embodiment, the processor load 
10 of the base station system or the signalling load between the base station and 
the base station controller, for example, is continually measured, 
p The method described above can be utilized either in a base station 

£ ' or a base station controller, or both. If the method is utilized in the base sta- 

?y tion, the method aims to prevent the base station from becoming overloaded. 

k X) 15 If the method is utilized in the base station controller, the method aims to pre- 

vent the base station controller from becoming overloaded. If the method is 
P utilized both in the base station and the base station controller, the method 

jL aims to prevent the base station system from becoming overloaded. 

5 The method and system of the invention provide several advan- 

5 20 tages. By means of the method and the telecommunication system, the GPRS 

5 system can control its load level in a controlled manner such that the system 

O does not become overloaded. 

A great advantage is speed. With the method of the invention, the 
base station system can quickly, while operating, block the whole uplink 
25 PRACH capacity out from the base station if necessary, in which case the 
subscriber terminal no longer can transmit further channel allocation requests 
to the base station. Too high a load level can thus be detected before the base 
station system becomes overloaded. Hence, each subscriber terminal does 
needs not be separately forbidden to try entering a cell but the effort itself is 
30 blocked or restricted. 

The method of the invention may also necessitate empirical study in 
order to find a suitable adjustment algorithm. It is, however, easier to find the 
suitable algorithm since a full load level of the signalling link between the 
processor unit or the base station and the base station controller can be used 
35 directly as the source. Consequently, also processing load caused by other 
functions affects the point of time when the process of decreasing the PRACH 
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channel capacity is started. Similarly, since decreasing the PRACH channel 
capacity affects the subscriber terminal's capability of transmitting channel al- 
location requests, decreasing the PRACH channel capacity does not neces- 
sarily increase the number of reallocation requests made to the cell, unlike 
5 mere filtering off a channel allocation request does. 

Neither does the method of the invention aim to apply different prin- 
ciples to allocating radio resources to different types of subscribers in load 
situations, but rather to control the loading process and prevent the system 
from becoming physically overloaded. 
10 The method of the invention is particularly good when employed in 

a cell to which a high PRACH capacity is configured. Such a configuration is 
subjected to extremely high performance requirements. Since all different 
^ base station system product generations do not necessarily have sufficient 

m physical capacity to control such configurations, a multi-purpose load restrict- 

15 ing method is useful over a radio path. 

The method of the invention is good because it adopts dynamically 
to a situation, also taking into account the overall load situation than merely 
the load caused by channel allocations. Furthermore, the system can be made 
to rather quickly moderate the number of channel allocation requests received, 
20 thus giving the system some time to react even to sudden load peaks subtly 
and sufficiently quickly. 

The system of the invention shares the advantages described 
above in connection with the method. It is obvious that the preferred embodi- 
ments and the detailed embodiments can be combined into different combina- 
25 tions in order to achieve a desired technical capacity. 

BRIEF DESCRIPTION OF THE INVENTION 

The invention is now described in closer detail in connection with 
the preferred embodiments with reference to the accompanying drawings, in 
which 

30 Figure 1 shows a cellular radio network, 

Figure 2 shows a radio connection's physical channels and logical 
channels transferred in the physical channels, and 

Figure 3 is a block diagram of the cellular radio network illustrating 
how a base station and a base station controller are connected to a packet 
35 transmission network. 
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DETAILED DESCRIPTION OF THE INVENTION 

The invention is suited for use in GSM-based cellular radio net- 
works, such as the basic GSM cellular network and networks further devel- 
oped therefrom, in GSM1800 and GSM1900 systems, for example, wherein 
5 data transfer is carried out using a general packet radio service GPRS. Data 
transmission is thus performed in a packet form. 

Figure 1 shows an example of the structure of a basic cellular radio 
network. In Figure 1, base stations 100, 102 comprise a hexagonal coverage 
area, i.e. a cell. The base stations 100, 102 are connected to a. base station 

10 controller 114 via a connection line 112. The base station controller 114 
serves to control the operation of a plurality of the base stations 100, 102. 
Usually, the base station controller 114 is connected to a mobile services 
switching centre 116, which is further connected to a fixed telephone network 
118. In office systems, the operations of the base station 100, the base station 

15 controller 114 and even the mobile services switching centre 116 can be con- 
nected to one device, which is then connected to the fixed network 118, to a 
switching centre of the fixed telephone network 118, for example. Subscriber 
terminals 104, 106 located in the cell have a radio connection 108, 110 to the 
base station 1 00 of the cell. Additionally, the network part, i.e. the fixed part of 

20 the cellular radio network, can comprise further base stations, base station 
controllers, transmission systems and network management systems of differ- 
ent levels. It is obvious to those skilled in the art that the cellular radio network 
also comprises various other structures that need not be explained here. 

The radio connection 108 is implemented using physical channels. 

25 In the GSM, a physical channel is one time slot of a 200 kHz wide frequency 
band, for example. Figure 2 shows necessary channels for the radio connec- 
tion 108 in a simplified manner. The frequency band of the GSM system is de- 
picted on the vertical axis, the base station 100 is on the left in the figure and 
the subscriber terminal 1 04 is situated on the right. A lower frequency band 

30 212 is used on the uplink, i.e. form the subscriber terminal 104 to the base 
station 100 in the direction of transmission. In the GSM, the lower frequency 
band 212 comprises the frequency range 890 - 915 MHz. An upper frequency 
band 210 is used on the downlink, i.e. from the base station 100 to the sub- 
scriber terminal 104 in the direction of transmission. Only some part of the fre- 

35 quency bands are allocated to the network operator, a 5 MHz wide frequency 
band, for example, which is divided into 200 kHz wide carrier waves, each car- 
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rier wave normally comprising eight time slots. In this presentation, the time 
slots are called a physical channel. When transferring speech, for example, 
there are normally two physical channels in use as traffic channels: one down- 
link channel 202 and one uplink channel 206. 
5 The GPRS standard defines the physical structure of a packet data 

channel PDCH. As shown by Figure 2, a logical packet common control chan- 
nel PCCCH can be configured for such a PDCH resource both to the uplink 
and downlink physical traffic channels 202, 206. Such a PDCH resource, 
which contains the logical PCCCH channel, is divided into an uplink resource 
10 and a downlink resource. The upfink resource can be allocated between the 
PRACH channel, a packet data traffic channel PDTCH and a packet associ- 
g ated control channel PACCH as defined in the standard. A given part of the 

jB uplink resource that has not been fixedly allocated to the PRACH channel can 

fy be dynamically allocated to the PRACH, PDTCH and PACCH channels. The 

15 part assigned to the PRACH channel is then indicated by means of the down- 
link PCCCH resource. An uplink state flag USF is relayed to the radio path in 
each downlink radio block of a packet data channel containing a PCCCH 
!L channel. If this USF information has a given predetermined idle mode value 

J "FREE" in the downlink radio blocks, it indicates that the next uplink block in 

fjy 20 turn is allowed to be used as the PRACH channel. Hence, the USF information 

% transmitted to the radio path can thus be used for dynamically controlling 

O which part of the uplink resource is the PRACH channel and which part is the 

PDTCH and PACCH channel at a given time. The downlink resource, again, 
can be allocated between a packet paging channel PPCH, a packet access 
25 grant channel PAGCH, the PDTCH channel and the PACCH channel as de- 
fined in the standard. If the downlink block USF information has another value 
than a given predetermined idle mode value, the USF information can be used 
for controlling the uplink packet traffic, i.e. the PDTCH and PACCH channel 
packet traffic, of the subscriber terminal allocated to the PDCH resource con- 
30 cerned. 

In the solution of the invention, the USF information transmitted in 
the downlink blocks is only provided with a given predetermined idle mode 
value, not because the next uplink block would be used as the PDTCH or 
PACCH channel but because the aim is to prevent the subscriber terminals 
35 located in the cell's area from being able to use the next uplink block as the 
PRACH channel. Logically considered, the USF field is thus given another 
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value than a given predetermined idle mode value, in other words it is given a 
"NOT FREE" value. In a preferred embodiment of the invention, the USF in- 
formation is used when it obtains another value than a given predetermined 
idle mode value for the radio interface PRACH flow control, not for controlling 
5 the packet connections allocated to it. 

Since the PRACH channel capacity can thus be dynamically de- 
creased by controlling the USF, fewer channel allocation requests can be 
made to the loaded base station system, and, consequently, no overload fol- 
lows. When the base station system load level drops sufficiently, the PRACH 

10 channel capacity can again be increased by means of the USF. 

Referring to Figure 3, a typical structure of a cellular radio network 
of the invention and the connections thereof to a fixed telephone network 118 
and a packet transmission network 342 are described. A base station control- 
ler 114 is connected to a base station 100. The base station controller 114 is 

15 also connected to a mobile services switching centre 116. The mobile services 
switching centre 116 is responsible for implementing a connection field, con- 
trolling connection setup and release, collecting charging information and con- 
trolling echo cancellation equipment, for example. 

The base station controller 114 monitors and controls a group of 

20 base stations 100. Typically, one base station controller 1 14 is provided per a 
few dozen or hundred base stations 100. The base station controller 114 com- 
prises a group switch 320 and a control unit 324. The group switch 320 is used 
for connecting speech and data and for connecting signalling circuits. The 
control unit 324 carries out call control, mobility management, collecting statis- 

25 tical information and signalling. A transcoder 322 located between the base 
station controller 114 and the mobile services switching centre 116 converts 
the different digital speech coding forms used between the public telephone 
network 118 and the mobile telephone network into mutually compatible forms. 

The base station 100 comprises transceivers 314. The base station 

30 100 typically comprises 1 to 16 transceivers 314. One transceiver 314 pro- 
vides one TDMA frame, in other words typically eight time slots, with radio ca- 
pacity. The base station 100 also comprises a control unit 318, which controls 
the operation of the transceiver 314 a multiplexer 316. The multiplexer 316 is 
used for placing the traffic channels and control channels used by a plurality of 

35 the transceivers 314 over one transmission link 112. The structure of the 
transmission link 1 12 is clearly defined, and it is called Abis interface. 
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The transceivers 314 of the base station 100 are connected to an 
antenna unit 312, by which a radio connection 108 to a subscriber terminal 
104 is implemented. The structure of frames transmitted over the radio con- 
nection 108 is also clearly defined, and it is called a radio interface. 

The subscriber terminal 104 can be, for example, a common GSM 
mobile telephone, and a portable computer 352, for example, which can be 
used in packet transmission for ordering and processing the packets, can be 
connected to the subscriber terminal by an extension card. 

The group switch 320 can be used for establishing connections 
(depicted by black dots) both to the public switched telephone network PSTN 
118 via the mobile services switching centre 116 and to the packet transmis- 
sion network 342. In the public switched telephone network 118, a typical ter- 
minal 336 is a common telephone or an integrated services digital network 
ISDN telephone. 

A serving GPRS support node SGSN 340 establishes a connection 
between the packet transmission network 342 and the group switch 320. The 
serving GPRS support node 340 serves to transmit packets between the base 
station system and a gateway GPRS support node GGSN 344, and to keep a 
record of the subscriber terminal's 104 location in its area. 

The gateway GPRS support node 344 connects a public packet 
transmission network 346 and the packet transmission network 342. The 
gateway GPRS support node 344 hides by packaging the inner structure of 
the packet transmission network 342 from the public packet transmission net- 
work 346, whereby the public packet transmission network 246 regards the 
packet transmission network 342 as a subnetwork. The public packet trans- 
mission network can direct packets to and receive packets from the subscriber 
terminal 104 located in the packet transmission network. 

The packet transmission network 342 is typically a private network 
which employs the Internet protocol and conveys signalling and tunnelled user 
data. The structure of the network 342 can vary operator-specifically both by 
its architecture and protocols below the Internet protocol layer. 

The public packet transmission network 346 can be, for example, 
the global Internet network. A terminal 348, for example a server computer, 
connected to the public packet transmission network, is to transfer packets to 
the subscriber terminal 104. 
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Although the invention has been described above with reference to 
^the example in accordance with the accompanying drawings, it is obvious that 
the invention is not restricted thereto but it can be varied in many ways within 
the scope of the inventive idea disclosed in the attached claims. 



